Background/Aims: Inhaled corticosteroids (ICS) are a treatment of choice for eosinophilic airway diseases, but their efficacy for other causes of chronic cough is controversial.
INTRODUCTION
Chronic cough lasting for more 8 weeks is a common presenting symptom in clinical practice [1] . Chronic cough has a reported prevalence between 14% and 23% [2] . Persistent cough is associated with impaired quality of life and greater medical care utilization [3, 4] . Irwin et al. [5] reported that a cause for chronic cough could be diagnosed in up to 98% using an 'anatomic diagnostic protocol.' In patients with chronic cough with a normal chest radiograph, almost all identified causes are upper airway cough syndrome (UACS), gastroesophageal reflux disease (GERD), and cough variant asthma (CVA) [5, 6] .
The diagnostic trial approach identifies the cough etiology by confirming that the cough responds to a trial of therapy that is specific for the suspected cause [7] .
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McGarvey et al. [6] showed that resolution of symptoms occurs after diagnosis-specific treatment that includes inhaled corticosteroids (ICS) for CVA, antihistamine/ decongestant for UACS and proton pump inhibitor for GERD.
However, several studies reported a high prevalence of unexplained chronic cough (UCC) that persists despite appropriate investigation and treatment [8, 9] . In addition, some studies showed that the response to treatment trials provides little information about the etiology of the cough [10] . A systematic review reported that the effect of proton pump inhibitor on cough associated with GERD is less universal than suggested in consensus guidelines [10] . Tanaka et al. [11] reported that loratadine (H1 antihistamine) reduced the number of coughs both in patients with UCC and in patients with nasal disease. Contrary to common belief [12] , studies report that ICS reduces non-asthmatic chronic cough [13, 14] . It is hypothesized that epithelial damage due to airway inflammation in non-asthmatic chronic cough could lead to heightened cough-reflex sensitivity [15, 16] . This pathophysiological mechanism may explain the effects of ICS. However, clinical evidence to support the use of ICS for non-asthmatic chronic cough is insufficient. Moreover, corticosteroid responsive factors the optimal duration or doses of ICS treatment for patients with chronic cough remain to be determined.
The aims of this study are to investigate the efficacy of short course ICS treatment and to identify clinical predictors of the response to ICS in patients with UACS or UCC.
METHODS

Patients recruitment
Subjects were recruited between June 2009 and December 2015 at Hallym University Sacred Heart Hospital, a tertiary referral hospital in South Korea. Inclusion criteria were: (1) older than 18 years, chronic cough longer than 8 weeks; (2) normal chest X-ray; (3) no evidence of asthma as indicated by normal metacholine airway responsiveness (a provocation concentration of methacholine 8 mg/mL failed to cause a fall in forced expiratory volume per 1 second [FEV 1 ] of 20% [PC 20 ] or more); and (4) no prior experience of wheezing. Exclusion criteria were: (1) symptoms suggestive of respiratory infection, such as fever, sore throat, or suppurative nasal discharge in the preceding 8 weeks; (2) use of other drugs that account for the cough, such as angiotensin-converting enzyme inhibitors; (3) current treatment that might influence the cough status within the 5 days before enrollment; (4) frequent gastroesophageal reflux symptoms; (5) inability to produce sputum despite sputum induction with hypertonic saline; and (6) sputum eosinophil count ≥ 3%. The protocol was approved by the Ethics Review Committee (IRB number: 2009-I006) and written informed consent was obtained from all patients.
Patient evaluations and clinical measurements
All patients underwent an evaluation that included history and physical examination, spirometry, methacholine bronchial provocation test (MBPT), chest X-ray, paranasal sinus (PNS) X-ray and sputum examination for eosinophil count. Bronchial challenge testing with methacholine was performed using the technique of Chai et al. [17] . Concentrated methacholine solution, from 0.075 to 25 mg/mL, was inhaled five times through a nebulizer, and FEV 1 was measured after each inhalation. All participants had normal methacholine airway responsiveness because subjects with a PC 20 FEV 1 value of 8 mg/mL or less were excluded.
Sputum was induced with 3% hypertonic saline in the few patients who were unable to expectorate, as previous described [18] . Sputum cells were examined by simple direct smear with Wright stain to determine differential cell count. The cough characteristics were recorded using questionnaires. Cough frequency was graded as: (1) infrequently in a day; (2) frequently less than hourly; (3) hourly; and (4) constant, nearly all day. Cough severity was graded as: (1) no effect on daily living; (2) mild effect on daily living; (3) marked effect on daily living; and (4) unable to work due to severe cough.
Patients who met the eligible criteria were enrolled and treated with inhaled fluticasone propionate 250 µg twice a day by diskus device or budesonide 400 µg twice a day by turbuhaler device at the physician's discretion for 2 weeks. All patients who were followed after this 2-week ICS treatment and agreed to additional treatment were considered for additional ICS treatment. Forty-two patients were treated with ICS for longer than 2 weeks.
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The primary outcome measurement was the degree of persistent cough after 2-week treatment, and the secondary outcome measurements were drug compliance and adverse events. The degree of persistent cough was graded by the subject as 0% to 100%. Zero percent meant no persistent cough. If any cough was present, its degree of frequency was graded by the subject by comparing the post-ICS cough with the baseline cough frequency, which was assigned a grade of 100%.
Patients were categorized UACS or UCC according to the following definitions. UACS was defined as having the following features: PNS mucosal thickening on PNS X-ray or more than two rhinitis symptoms among rhinorrhea, sneezing, stuffiness, itching or medical history of allergic rhinitis or sense of post-nasal drip. The patients with UCC were defined as those without the characteristics of UACS.
A poor response to 2-week ICS treatment was defined as having a persistent cough with a grade of > 50% of baseline cough frequency (100%) after treatment.
Statistical analysis
Categorical variables were analyzed using the Fisher's exact test and continuous variables using Mann-Whitney test. Multivariate logistic regression analysis was performed to evaluate potential clinical predictors for poor response to short course ICS treatment in patients with UACS or UCC. The non-parametric Friedman test with Dunn's posttest was used to evaluate longitudinal changes in the degree of remnant cough percentages after treatment with ICS.
All statistical analyses were conducted using PASW Statistics version 20 (IBM Co., Armonk, NY, USA) and GraphPad Prism version 5.0 (GraphPad, San Diego, CA, USA).
RESULTS
Baseline characteristics
The recruitment period was from June 2009 to December 2015. Among 132 patients (90 patients with UACS, 42 patients with UCC) who met all the eligible criteria, 101 patients (76.5%) were successfully followed (median length of follow-up was 18.0 days [interquartile range (IQR), 14 to 41.5]). Sixty-eight patients with UACS and thirty-three patients with UCC were successfully followed. The pattern of clinical features among the UACS group was PNS mucosal thickening on X-ray (n = 19), rhinitis symptoms (n = 29), medical history of allergic rhinitis (n = 29), and sense of post-nasal drip (n = 31); 49% had a single feature, 44% had two features, and 7% had three features.
Baseline characteristics of the patients are shown in Table 1 . No significant differences were found between the UACS and UCC groups. Both groups had greater than 90% drug compliance. Forty-two patients (41.6%) continued the ICS treatment longer than 2 weeks (median treatment duration, 42 days [IQR, 28.8 to 44.0]).
Response to inhaled corticosteroids
The median grade of persistent cough frequency after 2-week ICS treatment was 40% (IQR, 10 to 70) in patients with UACS and 50% (IQR, 20 to 70) in patients with UCC. The degree of persistent cough after 2-week ICS treatment did not differ significantly between the UACS and UCC groups (Mann-Whitney test, p = 0.649). A good response to 2-week ICS treatment, a reduction in persistent cough grade by more than 50%, was reported by 67.3% of all patients. This good response was reported by 63.6% of patients with UACS and 67.6% of patients with UCC ( Fig. 1 ). Persistent cough after 2-week ICS treatment showed a significant trend to increase as past duration of cough, reported as baseline, increased (linear trend analysis, p = 0.004) (Fig. 2) . The median persistent cough grade after 2-week ICS treatment was significantly higher in patients whose duration of cough was ≥ 52 weeks than in patients whose duration of cough was ≤ 12 weeks (cough duration ≥ 52 weeks: 65% grade vs. 30 for cough duration ≤ 12 weeks: Dunn's multiple comparison test, p < 0.05). were evaluated ( Table 2 ). The clinical factors associated with greater persistent cough (poor ICS response) (Fisher's exact test, p < 0.1) were cough not aggravated by cold air exposure (p = 0.054) and duration of cough ≥ 52 weeks (p = 0.043). We conducted a multivariate analysis to identify predictors for poor response to short course ICS treatment indicated as degree of remnant cough more than 50% of baseline frequency (Table 3) . Based on the preceding results and previous studies showing a reduced effect of ICS in smokers [19] , we included the variables current smoking, cough aggravated by cold air exposure and duration of cough ≥ 52 weeks in the multivariate logistic regression analysis. The analysis demonstrated that the duration of cough ≥ 52 weeks and cough not aggravated by cold air exposure were predicting factors for poor response to short course ICS treatment. Fig. 3 shows the longitudinal analysis of persistent cough according to prior duration of cough (< 52 weeks vs. ≥ 52 weeks) among the 42 study participants who received ICS treatment longer than 2 weeks. This analysis included 14 patients with UCC (66.7%) and 28 patients with UACS (33.3%). A good response to short course 2-week ICS treatment was experienced by 28 of these 42 patients (66.6%). The median duration of additional ICS treatment was 28 days (IQR, 14 to 28). T1 was defined as the period immediately after 2-week ICS treatment, and T2 was defined as the period after additional ICS treatment. Fig. 3 shows the change of persistent cough, not the good response to ICS. The degree of persistent cough decreased between T0 (initial) and T1 (2-week ICS treatment) irrespective of prior duration of cough (Friedman test with Dunn's post-test, p < 0.001 in both groups). In contrast, the decrease in persistent cough between T1 (after 2-week ICS treatment) and T2 (after the additional ICS treatment) differed according to the prior duration of cough. The persistent cough significantly decreased between T1 and T2 (median persistent cough, T1: 50%, T2: 0%, p < 0.05) in the subjects whose duration of cough was ≥ 52 weeks. However, in the subjects whose prior duration of cough was < 52 weeks, it decreased steadily but not significantly (median persistent cough, T1: 40%, T2: 10%, p > 0.05). This result shows that treatment with ICS for more than 2 weeks may reduce the remnant cough in patients with long cough duration (≥ 52 weeks).
Predictors of inhaled corticosteroid responsiveness
Changes of persistent cough grade after ICS treatment longer than 2 weeks
Local side effects
Six patients (five UACS and one UCC) reported a mild degree of husky voice after 2 weeks ICS treatment. No other adverse events were reported. No patients discontinued the treatment because of side effects.
DISCUSSION
Chronic cough is often poorly treated and causes a high level of morbidity in the community [20] . The paucity of data about the management of UCC persists despite substantial investigation [21] . A new perspective beyond 'anatomic diagnostic protocol' is suggested. Explanations of the pathogenesis of UCC have focused on cough reflex hypersensitivity and airway inflammation [9, 21] . Pavord and Chung [22] explained that cough depends on combined effects of intrinsic abnormality of cough reflex and aggravating factors. According to this model for the pathogenesis of chronic cough, the treatment directed against potential aggravating factors, such as UACS or GERD, will not achieve satisfactory results if the heightened cough reflex remains untreated. Neuromodulatory agents (amitriptyline, gabapentin, and morphine) and novel antitussive drugs that can po- [20, 21] .
Our findings also contrast with the existing 'anatomic diagnostic protocol.' Our study demonstrates that short course ICS treatment has modest efficacy on UACS and UCC. Cough decreased more than 50% baseline after ICS treatment in 67.6% of patients with UACS and OR, odds ratio; CI, confidence interval; UACS, upper airway cough syndrome; UCC, unexplained chronic cough; PNS, paranasal sinus mucosal thickening on X-ray; R, rhinitis defined as two or more among rhinorrhea, sneezing, stuffiness, itching; AR, present or past medical history of allergic rhinitis; PND, sense of post nasal drip. 63.6% patients with UCC ( Fig. 1) . This result contrasts with the existing recommendation of older generation H1 antihistamines when UACS is suspected as a cause of cough [23] . Notably, the evidence supporting antihistamines in UACS is not strong and based largely on success rates of antihistamine in patients with chronic cough due to a variety of causes [24] . Only one double-blind placebo-controlled study demonstrated efficacy of antihistamines for the treatment of cough due to UACS [25] . A previous study reported that antihistamine was similarly effective in patients with UCC and patients with nasal disease [11] . Considering that cough suppression mechanism of antihistamines includes inhibiting the airway inflammation and antagonizing the TRPV1 cough receptor [23] , a response to antihistamines does not predict an effect specific for UACS, but rather indicates an antitussive effect regardless of cause of cough. An expert panel report suggests that ICS should not be prescribed in adult patients with UCC and negative tests for asthma [21] . The suggestion is supported by the study of Pizzichini et al. [12] showing no beneficial effect of budesonide in nonasthmatic, noneosinophilic subjects. However, the lack of effect of budesonide in that study may be due to the small number of study participants (23 placebo, 21 budesonide), the inclusion of patients with a longstanding cough (11.8 years in placebo arm and 9.8 years in budesonide arm) and the short duration (2 weeks) of budesonide treatment. However, several studies reported a beneficial response to ICS regardless of the cause of chronic cough, consistent with the present study [13, 14, 26] . Chaudhuri et al. [14] found that cough severity and sputum eosinophilic cationic protein (ECP) levels are modestly reduced by inhaled fluticasone regardless of the cause of the cough. A previous study found a marked, favorable effect of fluticasone in nonsmokers with non-asthmatic cough [13] . Ribeiro et al. [26] showed that high-dose inhaled beclomethasone achieved an excellent response in a subgroup of patients with chronic cough that was not related to airway hyperresponsiveness. Similarly, Han et al. [27] reported that 2-week ICS treatment was as effective as conventional antitussive agents for controlling chronic idiopathic cough.
An intriguing research question is whether optimal duration of ICS for effective treatment varies according to the duration of prior cough. In our study, 2-week ICS treatment was more effective in patients with shorter duration of cough (Fig. 2) , and cough duration ≥ 52 weeks was an independent predictor of poor response to 2-week ICS treatment. Interestingly, prolonging the duration of ICS treatment, in selected patients, was effective in patients with cough duration ≥ 52 weeks (Fig.  3) . To date, the regimen, dosing schedule and treatment duration for ICS therapy of chronic cough have not be standardized. Several previous studies evaluated how chronic cough changed after 2-week ICS treatment [13, 14] . Boulet et al. [16] showed that 4-week ICS treatment did not improve the response rate compared with the placebo group. A previous study showed that extending treatment to 4 weeks did not improve the response rate compared with 2-week ICS treatment [12] . Further studies of favorable responders to ICS treatment and optimal application are needed.
The mechanism of action of ICS in chronic cough is considered to act through its effect on airway inflammation. Chronic cough is the result of epithelial damage due to inflammatory cell infiltration [16] . Lee et al. [15] reported that a subgroup with chronic nonproductive cough that was associated with airway inflammation due to lymphocyte infiltration improved partially after oral steroid therapy. In contrast, Chaudhuri et al. [14] found that after 2-week ICS treatment, symptom severity and sputum ECP improved but proinflammatory mediators, such as prostaglandin E2 (PGE2), interleukin 8 (IL-8), myeloperoxidase, and tumor necrosis factor α (TNF-α), were unaltered in patients with chronic cough of more than 1-year duration. Whether proinflammatory mediators as well as the cough symptoms can be reduced by prolonged ICS treatment needs to be investigated.
The efficacy of ICS on UACS in our study could be interpreted as reducing generalized mucosal inflammation affecting upper and lower airways [28] . In our study, cough not provoked by cold air responded poorly to ICS treatment. UCC provoked by cold air exposure is associated with increased capsaicin cough sensitivity [29] . Based on a new paradigm the "cough hypersensitivity syndrome," blocking or desensitization of TRPV1 (cough receptor) claimed attention [30] . Antonicelli et al. [31] reported that ICS treatment reversed ethanol-induced TRPV1 activation. Similarly, ICS may be effective www.kjim.org https://doi.org/10.3904/kjim.2017.291 in cold air-induced TRPV1 activation. Additional research about the mechanism of ICS treatment for chronic cough will help identify the good responders to ICS treatment.
This study had several limitations. First, we did not compare the effect of ICS with a placebo because there was no control group. Because cough tends to improve spontaneously over time, it is necessary to interpret the results carefully in the absence of a control group. Also, the use of two different types of ICS in this study may have affected the outcome. Second, improvement in the cough frequency was measured only by subjective recall by the subject. Cough-reflex testing and direct assessment of airway inflammation to interpret the mechanism, were not conducted. Third, the number of participants who received the extended treatment with ICS for more than 2 weeks was small. Lastly, the diagnosis of UACS and UCC was primarily based on clinical judgment rather than objective tests. Therefore, the possibility that the UACS and UCC groups of this study included other diseases should be considered.
In conclusion, this study shows that short course ICS treatment reduces cough frequency in UACS and UCC without significant adverse events. Long duration of cough ≥ 52 weeks and cough not aggravated by cold air exposure were clinical predictors strongly associated with poor ICS response. Treatment with ICS longer than two weeks may be effective in patients with cough of long duration. Determining optimal dose and duration of ICS for patients with UACS and UCC needs further study.
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